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SUMMARY 


A study of the feasibility of using self-actuating bleed valves as a 
shock stabilization system in the inlet of the YF-12 airplane has been 
made. The candidate stability valve types included vortex valves, slide 
valves, and poppet valves. Performance of the valves installed in the 
inlet cowl and in the inlet shock trap bleed plenum was predicted using 
analytical methods. In addition, the high temperature friction character- 
istics of linear bearings similar to those considered for use in the slide 
valve were measured in the laboratory. Results of the analytical investi- 
gation showed adequate steady state flow capacity for only the slide and 
poppet type valves located in the inlet cowl. Dynamic analyses showed 
that response of the poppet valve was substantially faster than that of 

the slide valve. The test data indicated that further development 

would be necessary before a satisfactory linear bearing for the sl ue 
valve could be obtained. For these reasons poppet type valves installed 
in the inlet cowl have been selected as the best shock stabi 
for the YF-12 inlet. 


INTRODUCTION 


An inlet shock stability system has been proposed for flight demon- 
stration on the YF-12 airplane. The project will be a part of the con- 
tinuing NASA research program on the inlet of this aircraft. An initial 
feasib ility evaluation is to be followed by wind tunnel proof testing on a 
full scale inlet. Upon successful demonstration of the system in the wind 
tunnel, one inlet of the YF-12 aircraft will be modified to demonstrate the 
stability system in flight. 

The stability system will consist of self- actuating bleed valves 
located in the inlet nacelle. The valves will open in response to the 
increase in duct pressure produced by a transient excursion of the inlet 
terminal shock forward from its steady state position. As the valves open, 
inlet bleed air will be diverted overboard, thereby increasing the stability 
range of the inlet. The valves will close when the transient disturbance 
subsides and the shock retreats to its steady state position. 


To determine the feasibility of such a system, an analytical evalu- 
ation of several inlet shock stability valves has been made. The candi- 
date valve types included vortex valves, mechanical slide valves, and 
mechanical poppet valves. Installation locations in the inlet cowl and in 
the inlet shock trap bleed plenum were considered. An enlarged shock 
trap bleed entrance was considered in addition to the present configuration. 
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Installation studies dote rmi nod the number and size of eac:h type 
of valve which can be installed at each of the locations. Maximum 
steady state flow rates through each combination were estimated. Ana- 
lytical dynamic models of the most promising configurations were then 
constructed and the dynamic response determined. 

Friction data were obtained from an overboard bypass door assembly 
having linear bearings similar to those which would be used on the slide 
valve. Data were obtained with transverse loads ranging from 0 to 
2240 newtons and at temperatures from 294 to 664 degrees kelvm. 


STABILITY VALVE CONFIGURATIONS 


Principle of Operation 

The YF-12 airplane has a translating center body, axisymmetric, 
mixed compression inlet as shown schematically in Figure 1. Cowl 
bleed removed from a shock trap bleed at the inlet throat is^exhausted 
overboard through the secondary passage of the engine nozzle. Bleed 
from the porous centerbody is exhausted overboard through the center- 
body support struts. A .variable overboard bypass is located aft of the 
inlet throat as indicated in Figure 1. 


Two locations have been proposed for the installation of shock 
stability valves. One is in the cowl bleed plenum and the other is just 
forward of the inlet throat as shown in Figure 1. In either case, the 
self- actuating valves sense an inlet flow instability as a rapid increase 
in pressure. The increase in pressure causes the valves to divert inlet 
air overboard, thus preventing the instability from unstarting the inlet. 


Vortex valves and self-acting mechanical valves have been investi- 
gated for this application. The operational features of vortex valves 
designed for use in supersonic inlets are discussed in Reference 1. 

Two types of self-acting mechanical valves have also been considered. _ 
a slide “valve and a poppet type valve. The method of operation of these 
valves is discussed below. 
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1, Slide Val ve with No _Oy_erboar xM^lecd. - A schematic diagram 
of a piston actuated slide valve is shown in Figure 2(a). Two bleed 
plenum arrangements have been considered. One has three plenums, 
denoted Bl, B2 and B3 in Figure 2(a), with the pressure in B3 acting 
as the driving force on '.he piston. The other has four plenums, Bl, 
B2, B3 and B4 as shown in Figure 2(a), with the pressure in plenum 
B4 acting on the piston. The configuration studied initially had three 
compartments. Analysis showed thjtf the de< 
due to flow through the valve prode s cd. rAjo=rU3% 
travel. Consequently, the final configuration 
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To operate' the valve without overboard bleed, orifice? No. 1 is nol 
useel. The valve is held in the e lo s ed position by a spring located behind 
the piston. If the pressure in the aft bleed plenum increases rapidly, 
the resulting pressure differential across the piston forces the; piston to 
open. As the piston moves, it covers orifice No. 2 leaving plenums G 
md H sealed except for leakage around the piston. The valve veil remain 
open until the pressure in the aft bleed plenum decreases or until the 
pressure in plenums G and H rises sufficiently due to piston leakage to 
allow the spring to force the valve shut. If the valve is open when the 
bleed plenum pressure returns to its original value, the piston will begin 
to close. When this happens, the pressure in plenum G will decrease 
closing the damper valve between plenums G and H. Now the valve closing 

c r valve and the valve closes slowly as air 
. ^CT?sj g ^ frnm -- pl -enum H into plenum G through orifice No. 3. The closing 
rate can be adjusted by changing the size of orifice No. 3. When the 
valve reaches its full closed position, orifice No. 2 is exposed allowing 
the plenum pressures to equalize again. The valve will not respond 
properly to another rapid pressure rise until these pressures are equalized. 

2. Slide Valve Wit h Overboard Bleed - When an overboard orifice 
(orifice No. 1) is added to the configuration described above and shown in 
Figure 2(a), the valve operation exhibits the following differences. Orifice 
No. 2 is sized so that when the valve is closed, the pressure in plenum G 
is approximately 0.1N/cm 2 less than the bleed plenum pressure acting on 
the piston. The valve is held shut by a spring. When the bleed pressure 

rises rapidly, the piston moves and covers o-.-— 2-. Nrs-to-n — lea r a.g.e. - . ... . 

increases as a result of the bleed pressure increase. However, orifice 
No. 1 can be sized to provide an overboard flow rate equal to the flow 
rate into plenum G when the aft bleed plenum pressure rises just sufficiently 
to produce full valve opening. For bleed pressure changes equal to or 
greater than ‘ h' amount, the valve will remain fully open until the bleed 
pressure decreases. Pressure changes less than this which produce only 
partial opening may be followed by valve drift toward the open position as 
the pressure in plenums G and H decays. 


The original configuration used a damper (orifice No. 3) to reduce 
the magnitude of oscillations incurred during valve closure. Subsequently, 
the valve friction was found to be higher than originally assumed and the 
additional damping force made the damper unnecessary. The piston- 
operated valve with overboard bleed was selected as the final configura- 
tion for the slide valve. 


operated slide valve is 


Valve Wi t h B ellows - A schematic diagram of a bellows- 
shown in Figure 2(b). The forward face of the 


actuating pis. on is exposed to the bleed plenum pressure in the afl com- 
partment. The rear face is exposed to ambient pressure ou.sk c 
nacelle on the outside of the bellows and engine face static pressure on 
the inside of the bellows. Because the supply lines to the rear of the 
piston are large relative to the leakage area around the piston, the 
operation of this valve is essentially independent of piston leakage. 

,£„ of the hollows and pi. ton areas is set to match the pressure levels 
nf the three pressures acting on the pis ton. The damper va ve and 
orifice serve die same functio ^^^ ^ the valve shown m Figure 2(a) 
and, with adequate friction levels, may be omitted. 

This valve will remain open as long as the pressure increase in 
the aft bleed plenum persists. Upon termination of the bleed pressure 
transient, the valve is ready to respond to the next one. ne o ® 
major disadvantages of this configuration is its reliance upon accurate y 
known and consistently available rcference^pr^ ^T^s. __ 

4 Poppet Val ve With No Overh oard Bleed - A piston actuated 
poppet ‘valve is shown in schematic form in Figure 3(a). To operate 
the valve without overboard bleed, orifice No. 1 would not be used. 

Orifice No. 4 is required in order to allow some leakage from the p e 
num B into plenum G. Otherwise, during a prolonged pressure step in 
.plenum B. the air in plenum G would leak out around the piston and the 
valve might get "stuck" open. The operation of this valve is the sa 
as that of the slide valve with no overboard bleed. The same two limit.- 
tions apply: the valve will drift closed during a long duration bleed _ 

pressure step, and 4-k-w441 not respgoiyjjpjmperly to a_succeeding ransie 

the pressures in plenums B, G and H have equalized. The original 
configuration used the orifice damper No. 3 to provide damping during 
valve closure. Subsequently, an adjustable mechanical friction damper 
on the poppet stem replaced the orifice damper. 

5. Poppet V alve Wit h Overbo ard B lecd_ - The addition of orifice 
No. 1 (Figure 3(a)) produces 'a system which operates in the sam 
manner as the slide valve with overboard bleed. This valve with - 

stem-mounted mechanical friction damper, was selected as .he final 
configuration for the unshielded poppet valve. 

6 Poppet Valve With Pillows - A schematic lajran, of a bcllows- 
operate'd p^ctVFvY l.Ghown in Figure 3(b). The principle of operaaon, 
the advantages and disadvantages arc the same as for the bellow^ - 
operated slide valve. Since a cowl installation rcqu.ros va.ics a wo 
axial positions, it is necessary to use different sir.c bellows fo. UK- 
corresponding valves to accommodate the differences ,n bleed plenum 

pressure. 
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7 Poppet Valve Wi th _Qve rboard Shj ol«l - A 
modified version of the poppet valve for use in a c iwl installation is 
shown in Figure 4. A poppet How .MoW is used hero lo allow the 
poppet to ho driven dircclly by duct pressure rather than the 1. o, | 
num pressure. There are two advantages achieved by the shield U) 
aerodynamic forces due to airflow are minimized, and (2) the driving 
pressure does not decrease drastically due to opening of the valve. 
Furthermore, it becomes possible to actuate the forward row of valve, 
with air ducted forward from a pickup location further aft in the duct. 
This permits faster actuation of the forward valves when the duct p e 
lure starts to increase just forward of the throat as the shock moves 

forward/ 

Since this valve concept appeared to be the best of those investi- 
gated, more design refinements were made to the design than to the 

8 ace ’ . i o r nr pxamDle, Figure 4 shows an 

ones shown in Figures 2 and 3. For example, rig 

additional orifice (No. 4) which was added to the poppet stem. 

^rf^e preven /the pressure above the poppet from bleeding down too 

far when a small increase in duet pressure moves the piston across 

orifice No. 2. This ensures tha 

tained when the inlet transient disturbance subsides. 


Assembly and Installation Layouts 


As part of the shock stability system feasibility study, assem y 
and installation layout drawings have been prepared. These dr avnngs 
show the alternate configurations and installation locations w ic avc 
been investigated. Because of the large number of drawings 
i« this reoort they have been segregated from the figures, 
given drawing numhlr s rather than fi gure numbers, and placed at the 
end of the" report' following th e figures . Dimensions are « W- 

meters. Since existing detail and assomSIy drawings of the inlet arc 
dimensioned in inches,' some of the important / 

this report are followed, in parentheses, by inches. All de g 
was done using the inch as the unit of measurement. 


1 

matics 

poppet 

located 

to and 

axially 

loiivcr 

plenum 


System Sc hematics - Drawings 1, 2 and 3 are system schc " 

of the recommended installations for the slide valves unshmLd,d 
valves, and shielded poppet valves, respectively. The %aUcs ; a . 

in the cowl just forward of the inlet shock trap. Both the inlet, 

the exits from the poppet and slide valves arc compartmentcd 
and circumferentially. All valves exhaust overboard through 
exits. Each of the slide valves is connected to a large commoi 
as indicated in Drawin < 1. Each of the forward poppet valves 




is connected to a common plenum and each of the aft poppet valves is 
connected to another common plenum as shown in Drawings 2 and 3. 

In each of these plenums, there is an adjustable overboard orifice. 

The slide or poppet valves can be closed manually by actuating a solenoid 
■^Ive which admits high pressure air into the valve plenums. The high 
pressure air is“obtaincd from ram scoops located in the inlet duct just- 
downstream of the throat. Installation layouts for full-scale and three- 
quarter scale vortex valves are shown in Drawings 4 and 5, respectively. 

2. Slide Valves 


a. Drawing 6 shows a preliminary slide valve assembly and 
its installation in the cowl. 

b. Drawing 7 shows the installation of twenty-four slide valves 
in the shock trap plenum. To facilitate flow around the valve end, the 
shock trap exit duct was shortened slightly, adjacent to the duct wall. 

c. Drawing 8 shows the installation of the slide valve in 

the cowl. Changes or additions to Drawing 6 are: = 

• Number of valves increased from 24 to 25. 

• A proposed typical louver box over each valve. 

• Duct wall perforation details. 

3 . Poppet Valves - In the initial concept of the poppet valve, bleed 

flow pressure losses in valve entry ports brought about a substantial 

degradation in valve perforinance. The design was revised to allow bleed 
plenum flow directly into the poppet area. Two designs resulted. The 
first used restrictor check valves for damping and the second used light 
friction devices. 


p raw l n g 9 i§— the original version and Drawing 10 is the final 
version of the unshielded poppet valve. The shielded version is shown 
in Drawing 11. Drawing 12 is the original version and Drawing 13 is the 
final version of a bellows-operated poppet valve. 


Drawings 14, 15 and 16 chow installations of the poppet valves in_ — 

the cowl tfiTIWtrap bleed plenum. The original installation of the 
valves at these two locations is shown in Figure 14. Space requirements 
dictated a reduction in size of the forward valves. Since a -eduction m 
flow capacity was undesirable, subsequent work was directed to increasing 
the size of the forward valves. The final cowl installation for the poppet 
valves, Drawings 15 and 16, uses valve s of the same height at both the 
forward and aft positions. 
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Drawing 1 b shown the placement of the twenty- five valves around 
the nacelle. The outboard chine shown here would be present on the 
airplane installation, but not on the wind tunnel model. Drawing 1 1 
also shows the dtart— w-a 11— pc-rlu-iia li o n details and the plumbing which con- 
nects each valve with its reference pressure plenum. Details of the 
exit louver box are shown in Drawing 16. 

4. Wind Tunnel Valve Actuato r - Drawing 17 shows the proposed 
arrangement of an electrically operated bleed valve system for use in a 
wind tunnel test. This system could be used to remotely vary the over- 
board bleed flow rate in order to determine how much steady state bleed 
flow is required to prevent adverse recirculation effects through the porous 
cowl wall. 

5. Variable Overboard Orifice - Drawing 18 shows the proposed 

design for the variable overboard orifice required at each valve plenum, 
and its installation in the skin of th5" nacelle. 

6. Bleed Shut-Off System - Drawing 19 shows the pneumatic sys- 
tem required to hold the bleed valves closed on command from the cock- 
pit or from outside the wind tunnel. 

7. Centerbody Perforations - Drawing 20 shows the perforated 
centerbody skins. They are replaceable by a set of solid skins to re- 
turn to the original bleed configuration. 


PERFORMANCE ANALYSIS 


Design Pressures 

1. Internal Pressures - The valve designs are based on internal 
cowl pressure distributions obtained from NASA/Lewis full-scale wind 
tunnel tests of the YF-12 inlet. The data used are shown in Figures 5 
through 8. 


Flight test data were used to define conditions in the shock 
trap bleed since these properties depend upon the engine ejector character 
istics and nacelle leakage. For flight at the design Mach number, it was 
determined that the total pressure recovery of the shock trap bleed is 
0.27 and the bleed mass flow ratio 0.08. 


2. External Pros sum s - Since the bleed valve flow will be dis- 
charged overboard through louvers, it is necessary to know the external 
pressure on the nacelle to si/,e the valve exit louvers properly. Data 
from a recent NASA/Ames wind tunnel test of a 1/12-scalc; airplane model 
define these pressures. The results arc shown in figures 9 through 20. 
Figure 9 identifies the circumferential, orientation of the symbols appearing 
in Figures 10 through 20. From these curves, it is seen that the lower 
inboard side of the nacelle is the only region experiencing unusually large 
positive pressures during high angle of attack conditions. 


Inlet Bleed Characteristics 

1, Po rous Bleed Recirc ula tion - According to the data of Figure 6, 
there is a significant variation in the cowl static pressure ahead of the 
inlet throat. If this region is perforated, with a plenum beneath the 
perforations, a recirculation flow will ensue with flow entering the ple- 
num where the duct pressure is high and reentering the duct in the forward 
region where the pressure is low. An analysis of the recirculation was 
made assuming, as a first approximation, that the recirculation did not 
affect the duct pressure disfeeihufcis^J, The data of Reference 2 were used 
to define the characteristics of flow from the duct into the plenum. The 
results are summarized in Figures 21 and 22. The data of References 3 
and 4 were used to estimate the flow from the plenum back into the duct. 
The results were approximated by the correlation shown in Figure 23. 
Figures 21, 22 aird 23 were used to determine the match point at which 

the flows entering and leaving the plenum were equal. The match point 
is shown in Figure 24. 


The analysis indicates a recirculation mass flow ratio of about 
2 percent. A one- dimensional analysis of the blockage effect of the flow 
emerging from the front of the porous bleed region indicates that this 
quantity of flow will restrict the duct flow to the extent that the minimum 
aerodynamic area will occur several inches upstream of the minimum 
geometric area. 

Although recirculation of this magnitude would undoubtedly alter 
the duct wall static pressure distribution, it is apparent that a nonflowing 
bleed region of this length will have potentially adverse recirculation pro- 
blems. Similarly, circumferential pressure variation, an example of 
which is shown in Figure 25, can induce recirculation problems. Con- 
sequently, it is recommended that cowl porous bleed regions forward of 
the shock trap be conipartmented both axially and circumferentially. 
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A comparison of Figures 6 and 24 shows that the computed 
match point, blued plenum pressure is close to the mean value of the 
external static pressure on the porous region. Consequently, for 

determination of plenum pressures for the cases in which 'tlTo bleed was 

compartmented axially, it was assumed that the plenum pressure with 
bleed valves closed would be approximately equal to the mean duel pres- 
sure exerted on the porous wall supplying air to the plenum. 

2. Shock T rap Flow Chara cteristics - Steady state shock trap 
match point flow rates and recoveries are available from both wind 

tunnel and flight test data. However, no inlet data is available for the 

case where the terminal shock is in an equilibrium position ahead of the 
shock trap. Consequently, the performance of the shock trap bleed under 
these conditions has been estimated using wind tunnel data obtained during 
a Lockheed test of various bleed configurations in a simulated inlet. Some 
of the results are shown in Figures 26 and 27. Figure 26 shows a shock 
trap bleed very similar to the present airplane bleed while Figure 27 is 
for the same configuration with the streamwise opening enlarged by 55 
percent. The curves show the" mass flow vs. recovery characteristics of 
the bleeds for various terminal shock positions. Shock position is 
measured by the wall static pressure level at a point upstream of the 
bleed as indicated on Figures 26 and 27. The -reference mass flow, w-poTAL' 
is the calculated tunnel flow rate ahead of the bleed. 

To match flight test data, it is necessary that the total pressure 
recovery of the shock trap bleed be 0.27 and that the mass flow ratio 

be 0. 08. The. data of Figure 26 indicate that for supercritical 

inlet operation, these match points can be attained if we let 
w TOTAL^ w o = * 70^* This method of matching the bleed test data with 
flight test results has been used to define the operating characteristics of 
the shock traps. 

Steady State Valve Performance 

1. Vortex Valves - Flow characteristics for a variety of vortex 
valve installation designs with a wide range of operating conditions were 
examined to determine optimum performance available with this type of 
valve. Data for the high capacity, co mpac t -valv- e .s— d e scri b ed,, in Refexcncc 1 
were used for this analysis. This reference developed two sets of flow 
characteristics for vortex valves: one based on test data from a set of 

onc-sixth scale valves, from which a "recommended design" was developed; 
the other defined from actual flow characteristics of a full-scale valve built 
to the recommended design-- referred to as the "full-scale test" dal a. 

These two data sets were selected as limiting performance curves for the 
probable range of flow characteristics exhibited by vortex valves of this 
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'rt'conmicndi'd design" performance curve .shows a much 
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steeper radial flow pain near the cutoff condition than the "full-scale 
test" curve, indicating greater performance potential (larger bleed flow _ 

increase with rise in bleed pressure at optimum nozzle pressure). the 
more linear flow characteristics of the "full-scale test" curve, however, 
indicalc greater stability when subjected to off-design ope rat, n« conditions. 

The number of vortex valves that can be used and then size is 

limited by the space available for installation in-the mowl and shock -trap, 

areas of the nacelle. The maximum practical valve size is .,/ 4- scale, 
based on full-scale dimensions of the "recommended design . Since 
valve outlet flow varies as the orifice area, or as the square of tic scale 
factor, flows for 3 /4- s cale valves are approximately 56 percent of full- 
scale valve flows under the same operating conditions. A total of 96 vaha 
with a total flow area of 310 cm 2 can be installed in each area. The 
valves in the cowl area can be separated into two sets of 48, denoted 
the forward and aft cowl valves. Each set reacts indepen dently to dif- 
ferent local bleed pressures. 

The. "Vortex" valve installation design assumes that valve outlet flow 

dumps infg_ikn exhaust plenum which exits to ambient through a 

louvers.' A nominal louver exit area of 6.45 cm 2 per valve r 

The louvers back pressure the valves slightly as bleed flow i nerezses, 
but changes in valve outlet pressure are accounted for m the flow 
character! stic curves. 

Flow analyses for an installed vortex valve were performed to 
determine the effects of variations in valve design and in operating, 
pressures. Performance of the valve is defined as the increment m bleed 
(ratttal) flow for a given increase in bleed pressure at a constant vortex 
nozzle supply pressure. Bleed leakage flow is defined as the bleed low 
at normal operating bleed pressure. Leakage flow can c zero l e 
valve is operating at tiro-cutoff condition. Optimized performance for a 
valve occurs at the nozzle supply pressure for which bleed flow incre- 
ment vs. bleed pressure rise is maximized while_ leakage flow is , 

acceptable. L 

A simple computer program was written to analyze valve peiforman 
while varying design and operating parameters over a wide range. J he 
parameter. varied' include louver exit area, valve scale, valve ee SI «n and 
nozzle supply pressure. The valve configurations arc indicated by thre, 
designators: the scale (relative to the full-scale valve d,::senbe<l,n 

Reference 1), louver exit area (cm 2 ), and valve design. Th< , ' 

refers to the "recommend, id design" and the "FST" design refers to the 
"full-scale test" valve. Valve performance and leakage flows were u cil- 
iated for increases in bleed pressure up to 50 percent above normal. 
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The flight condition assumed was Mach 3-1- at cruise altitude. Normal 

operating bleed pressures of 2. 38, &.)■> ' in<l 1N / tm " 

to cover the probable pressure range in the forward nacelle aiw*. 

Results of varying louver exit area are shown in Figures 28 and 29. 

A 3/4- scale vdvc with "full-scale test" flow characteristics is assumed. 
Figure 28 presents the bleed flow increment for a 20 percent increase in 
bleed pressure for three exit areas. Figure 29 shows leakage flow at the 
three typical bleed pressures. All flows increase with greater exit area 
because of reduced back pressure at the valve outlets. Figure 28 shows 
that optimum valve performance occurs at a definite nozzle supply pres- 
sure for each design or operating condition, and performance is airly 
sensitive to nozzle pressure variation pear this peak. Leakage flows 
shown in Figure 29 decrease sharply as. nozzle pressure increases until 
the cutoff point is reached. These a-re typical operating characteristics 

for vortex valves. 

Figure 28 also shows that optimum nozzle supply pressure increases 
slightly for larger exit area. Therefore, if highe^pzzle pressures are 
available, greater flow increments can be obtahjtfBE™*"™"® exit 
area. Leakage flows would not increase significantly because the effec 
of higher nozzle pressure almost balances the effect of greatei cxi area. 
Because of space limitations and design considerations, a louver exit area 
of 6%5 cm^ P per valve was selected as a basic design for further para- 
metric comparisons. 

Figures 30 and 31 show differences in performance and leakage.fas* 
“tire two flow characteristic curves. The "recommended design valve 
almost doubles the peak bleed flow increments indicated for the ^ full 
scale test" valve, although peaks for both valves occur ac the same nozzle 
supply pressures. Leakage flows are significantly lower for the i recom- 
mended design" valve near optimum nozzle pressures. The ^ M 
the flow curves indicates much greater sensitivity to nozzle i»*e#SW 
variations for the "recommended design" valve. 

Figure 32 presents a summary of optimized performance and leakage 
for the different valve configurations examined. The data are presentee 
for the range of normal operating bleed pressure, and assume that nozzle 
supply' pressure is adjusted to yield peak bleed flow increment Figure 
show! the same comparison on a percentage basis, using the /1-scal 
"full-scale test" valve design with 6.45 cm2 louver area as a base. The 
"recommended design" flow characteristics indicate by far the J^cst per- 
formance and lowest leakage flows. Increasing valve scale from ,/4 
l/sT% percent area increase) yields the expected scaled up increases 
in bleed increment and leakage flows. Increasing louver area yields a 
small increase in performance with little change in leakage flow, as c - 

plained above. 
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The effects of off-design operation are shown in Figures 34 and 3 3 . 

For a 10 percent increase in no/zle supply pressure above the optimized 
value, bleed flow increment drops by approximately 30 percent for all 
valve configurations. For a 10 percent decrease in nozzle pressure, per- 
formance drops about 10 percent for 'full-scale test valves and nearly 
four times that amount for "recommended design" valves. The percent 
changes in leakage flow (Figure 35) show approximately double the sensi- 
tivity to nozzle pressure variation for valves with "recommended design" 
flow characteristics. These figures emphasize the importance of con- 
sidering the effects of off-design operation when choosing between vortex 
valves and other type valves, or even between vortex valves with different 
flow characteristics. Under conditions where nozzle supply pressure may 
not be well defined and consistent, a large tolerance must be placed on 
the design performance of vortex valves of this type. 

Figure 36 presents the installed performance and total flows for 
"recommended design" valves operating at optimum noz'zie supply prcsrsrrmr 
Flow increment with imc^as5«-i-n- bleed pressure up to 50 percent is shown 
as a percentage of inlet capture airflow for the three separate valve instal- 
lations. Valves are 3/4-scale and louver area is 6.45 cm . The maxi- 
mum total bleed flow increment for each set of 96 val yes o perating in the 
cowl and in the shock trap areas is less than 2 percent' - ?# total airflow 
for a local bleed pressure rise of 50 percent. The total leakage mass 
flow ratio is approximately . 002 at either location. The drag 
penalty charged to the leakage flow was computed by 

assuming full ram drag, i. e. , the drag coefficient based on inlet capture 
area is twice the bleed mass flow ratio based on inlet capture area. At 
both the cowl and shock trap plenum locations, the leakage drag coefficient, 
based on wing reference area, is less than . 00005. 

2. Slide Valves - The bleed flow rate through slide valves installed 
in the cowl is a function of duct Mach number (i. e. , shock position) and 
valve position. The relation between shock position and duct Mach number 
is shown in Figure 37. The supersonic Mach numbers were computed 
from the data of Figure 6. Mach numbers behind the terminal shock were 
computed by normal shock theory. A linear variation in Mach number 
was taken between the value at the normal shock and an assumed value of 
0. 95 just ahead of the throat. The mean duct Mach number at each of the 
separate bleed compartments (tabulated in Figure 37) was used in flow rate 
computations. 

The slide valve exit louver flow characteristics, based on test 
data, are defined in Figure 38. Steady state flow characteristics of the 
slide valve arc shown in Figures 39, 40 and 4 ! as a function of bleed 

plenum pressure for the noted values of total pressure at the louver exit. 
The louver flow rates shown in Figure 38 were matched with (hose in 


12 


Figures 39 through 41 to give the performance of the vab'e/louvor com- 
bination. At higher bleed plenum pressures, the flow was assumed 
eh nicer! at the louver exit when the valve was completely open or choked 
in the valve slots when the valve was partially open. The minimum area 
in each fully open valve slot and in each exit louver slot is 89. 6 cm , 

Flow rates through the valve/louver combination are plotted in Figures 42 
and 43. Also shown on Figures 42 and 43 are flow rates through the duct 
wall perforations. The data of Reference 2 were used to define the flow 
characteristics from , the inlet duct into the bleed plenums. 

Figures 42 and 43 may- also be used to find the steady state flow 
through slide valves installed in the shock trap bleed plenums. In this 
case, the bleed plenum pressure shown in Figures 42 and 43 would be 
the shock trap plenum pressure and the perforation flow rates would not 
be pertinent. ______ 

It should be noted that the flow rates shown in Figures 38 through 
43 are those through 24 valves, but through only one of the three rows 
of slots. To determine the total flow rate through 24 valves installed in 
the shock trap plenum, the mass flow ratio shown in Figures 42 and 43 
would be tripled. To determine the flow rate through^. sfele-_v.aly.e.s_i.ns.talled 
in the cowl, Figures 42 and 43 would be entered three times with the valve 
position (identical for all three) and the duct Mach number (different for all 
three- -obtain from Figure 37). The summation of these three mass flow 
ratios is the flow through all three slots of 24 valves. Since the number 

ol valves installed in the cowl is 25, the summation should be multiplied 

by 25/24 to obtain the total flow through 25 valves. 

Leakage flow rates with the valves completely closed were estimated 
by assuming clearances of 0.008 cm and a leakage path 0.318 cm long by 
58.4 cm wide for each valve. An iteration procedure was used to match 
the leakage flow with the available pressure differential across the closed 
valve. The drag penalty charged to the leakage flow was computed by 
assuming full ram drag. The total leakage mass flow ratio through all 
the valves was less than . 0003 for installation in either the cowl, shock 
trap plenum, or the plenum of an enlarged shock trap bleed. The cor- 
responding drag coefficients, based on wing reference area, were less than 
. 000006 . 


3. Unshielded Poppet Valves - Steady state flow rates through the 
unshielded poppet valves were computed using the methods described above 
with appropriate values for the physical dimensions involved. The minimum 
area in each fully open valve is 53.7 cm 2 . The relationship between shock 
position and duct Mach number at free stream Mach numbers of 3+ and 
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2 47 is shown in Figures 44 and 45. Flow characteristics of the valves 
and exit louvers are shown in Figures 46 and 47. Match point flows for 
a total louver area of 1858 cm Z arc superimposed in Figures 48, 49 and 
50 on flow rates through the duct wall perforations. Flow matching deter- 
minations similar to these were also made for other exit louver areas. 

On the basis of these results, which are summarized in Figure 51, an 
exit area of 1858 cm 2 was chosen as a minimum design requirement and 
was used in subsequent flow rate computations. 

Figures 48, 49 and 50 may also be used to find the flow rate through 
poppet valves installed in the shock trap plenum. The bleed plenum pres- 
sure shown in these figures would represent the shock trap plenum pressure 
and the perforation flow rate curves would not be applicable for this case. 

Note that the flow rates shown in Figures 46 through 51 are those 
through 24 valves. The total flow through the 48 valves installed in the 
shock” trap plenum is twice that obtained from Figure 48 or 49. Flow 
through the forward and aft poppet valves installed in the cowl is determined 
from Figures 48 through 50. Since there are 25 valves at each of two 
stations in the cowl, the values obtained from Figures 48 through 50 should 
be multiplied by 25/24 to obtain the flow through 25 valves. 

Leakage flow through the poppet valves in the completely closed 
position was computed by assuming choked flow through an average leakage 
gap of 0.008 cm. Leakage drag was computed by assuming full ram drag. 
For installation locations in the cowl, the existing shock trap plenum, or an 
enlarged shock trap plenum, the leakage mass flow ratio for all the valves 
was less than .0008 and the drag coefficient based on wing reference area 
was less than , 000018, 

4. Shielded Poppet Valves - The relationships between valve position, 
bleed plenum pressure and bleed flow rate are the same as those for the 
unshielded poppet valves (shown in Figures 48 and 49). However, with the 
valve fully open, the minimum flow area in the valve, 47 cm , is less than 
that of the unshielded valve because of the blockage caused by the poppet 
shield entry pipe. Flow rates at maximum valve opening may be obtained 
from Figures 48 and 49 by using a valve opening Ax = 1.987 cm, which cor- 
responds to an area of 47 cm . Leakage flow rate and drag is the same 
as that for the unshielded poppet valve. 


Valve Dynamic Performance 

1. Computer Simulat ion - Mathematical models of the slide valve 
and poppet valve have been constructed in order to estimate the effects of 
various design parameters on the dynamic response characteristics of the 
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valves. The models incorporate provisions for considering various valve 
configurations. The digital computer simulation provides a time history 
of the valve motion resulting from a prescribed time history of flow 
properties in the inlet duct. The step integration is accomplished as 
follows. 

The rate of change of pressure in the piston chamber due to piston 
travel, leakage around the piston, and flow through the various orifices 
is computed from the following relationship for adiabatic flow. 

mV~ + (kvLw + knrp)P - (kRmlT T . w ) = 0 

dt out dt in m 

where: m = mass im - c hamhe r s above piston 

w. = mass flow rate into chambers above piston 
w out = mass flow rate out of chambers above piston 
V = to tal v olume of chambers above piston 

P - piston chamber pressure 

Tt- = total temperature of air flowing into chambers 
above piston 


Mass flow rates are based on the estimated piston leakage shown in Figure 
52 and the orifice flow shown in Figure 53. The piston clearance para- 
meter, h 3 /L, as de fined in Figure 52, was assumed to be 19.6x10" cm 
for the slide valve and 1.022 x 10" 8 cm 2 for the poppet valves. 


Valve position is calculated as follow s : 
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valve position at end of time interval, At 
valve position at beginning of interval 

valve velocity at beginning of interval ===== 

valve acceleration at beginning of interval 

The forces acting on the pistons of the poppet valves arc somewhat 
different for the shielded and unshielded versions. Using the nomenclature 
defined in Figure 3(a) and letting P be the average pressure acting on 
the entire lower surface of the poppet?, the pressure force acting on the 
unshielded poppet is 

F = (P P„) A 

pressure pop u pop 

where A is the area of the poppet normal to its axis. This can 
pop 


where: x 
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The aerodynamic forces, as defined above, have been estimated 
analytically for the various valve configurations.- Th e — the _ 

slide valve and the unshielded poppet valve are shown in Figures 54 and 
55. For the shielded poppet valve the edge pressure is estimated to be 
0.60 times the bleed plenum pressure P . The aerodynamic force on the 
shielded poppet valve, therefore, becomes 

F . = (P - . 60 P ) A , 

aerodynamic D B edge 

Z 

where the edge area is 4,19 cm , 


For any stability valve configuration, 
may be computed as follows: 


the 


acceleration of the 



.* F - F - F„ . . - F 

x = piston aerodynamic. friction spring 

m . 

piston 

where F„ . . = friction force 

friction 

F . = spring force 

spring : , 

m = piston mass 

pi ston 
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Two typos of transient disturbances wore simulated on the computer 
to investigate the dynamic response of the slide and poppet valves. One 
was an input perturbation in bleed plenum pressure and the other was an 
input perturbation in inlet terminal shock position. kigures 42, 4j, 48, 4 1 

and 50 show the steady- state relationship between duct Mach number, valve 
position, and bleed plenum pressure. It was assumed that the: valve 
response is slow compared to the flow response through the valves, so 
these relationships can also be used as an approximation for transient 
disturbances. Duct Mach number is related to shock position as shown 
in Figures 37, 44 and 45. 

Bleed plenum pressure transients consisted of step and sinusoidal 
variations. Shock position 'transients were composed of a relatively slow- 
shock movement from the normal operating point up to the inlet throat 
followed by a rapid movement from the throat to the leading edge of the 
porous bleed region on the cowl. With no flow through the bleed valves, 
it is estimated that the shock velocity relative to the duct will be about 
97. 5 m/s by the time the shock reaches the leading edge of the bleed. 

The shock moves from the throat to the bleed leading edge in about 6 
milliseconds. An arbitrary value of 50 milliseconds was chosen for the 
movement from the steady state position up to the throat. These two 
components made up the shock position transient used in the computer 
analysis. For the case of the poppet valves, the 6 millisecond portion 
was further broken down into 4 milliseconds for the aft poppets and 2 
milliseconds for the forward poppets. 

2. Slide Valves - The physical characteristics used in computing 
the dynamic performance of the slide valve are tabulated on Drawing 1. 
Response of the slide valve to a 27 percent step in bleed plenum pressure 
is shown in Figure 56. Complete opening requires .068 seconds. Shock 
position transients are shown in Figures 57 and 58. Complete opening of 
the valve takes longer for these cases because the driving pressure on the 
piston builds up more slowly than for the case shown in Figure 56. By 
the time the terminal shock has reached the leading edge of the bleed, 
the valve is open about 1/4 or 1/2 cm, depending on the altitude. When 
the shock reaches this position, it is arbitrarily held in order to observe 
complete valve opening. Then the shock movement is reversed in order 
to observe valve closure. 

Valve response to large amplitude 10 and 40 Hz oscillations in bleed 
plenum pressure is shown in Figures 59 and 60. The 10 Hz case shows 
a large amplitude valve oscillation out of phase with the driving pressure 
while the 40 Hz case shows nearly complete damping of the oscillation. 

The effect of adding the fourth compartment to the valve is shown in 
Figure 61. A small shock displacement opens the four compartment valve 
completely, but the decrease in bleed plenum pressure as the valve opens 
prevents complete opening of the three compartment valve. 
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Preliminary configurations of the slide valve included one with no 
overboard bleed and one with an orifice damper valve as shown in 
Figure 2(a). Due to piston leakage, the valve with no overboard bleed 
will eventually drift closed during a long 'oration transient suchjrg a 
large change in aircraft angle of attack. ' The configuration with the 
damper valve showed satisfactory dynamic performance. The primary 
effect of the damper was to increase the time required for valve closure. 

Both configurations were dropped from further considerat ion- the _ fo . r . nie , r . 
because of poor angle of attack behavior and the latter because the damper 
did not improve performance enough to warrant the added complexity and 
cost. 

3 . Unshielded Poppet Valves -The original poppet valve configura- 
tion had the orifice damper valve No. 3 shown in Figure 3(a). This 
arrangement exhibited two deficiencies, examples of which are shown in 
Figures 62 and 63. Figure 62 shows that during valve closure a high 
frequency oscillation will occur as a result of the spring effect of the 
small volume of air trapped above the poppet piston. Figure 63 illustrates 
a condition in which the valve will not close completely when the transient 
disturbance is removed, again because of the small volume of air trapped 
above the piston. 

As a result of these deficiencies, the orifice damper was re- 
moved and a friction device was added to the poppet stem as shown m 
Drawing 10. Drawing 2 shows the installation of the valve in the nacelle 
and lists the physical characteristics of the valve. The performance of 
this configuration is shown in Figures 64 through 76. Figures 64 and 65 
show that at freestream Mach numbers of 3+ and 2.47. the aft poppet valve 
will open fully in about .028 seconds following a 27 percent step change m 
bleed pressure. Response of the aft poppet to large amplitude 10 and 40 Hz 
oscillations in bleed plenum pressure is shown in Figures 66 and 67. As 
in the case of the slide Valve, the 40 Hz response is considerably more 
damped than that at 10 Hz. However, in the 10 Hz case, the response of 
the poppet lags the driving pressure by only about 90 degrees whereas in 
the case of the slide valve the motion lags by about 180 degrees. 

Shock position transients arc shown in Figures 68 through 7 3. 

The performance of the aft and forward poppets at Mach 3+ is shown in 
Figures 68 through 71. Although the forward and aft poppets are identical 
in "design, the forward poppets arc less responsive to movements of the 
terminal shock because they do not benefit from a pressure rise preceding 
the terminal shock as in the case of the aft poppets (see Figure 44). 
Whereas the aft poppets have opened 29 to 51 percent (depending on altitude) 
by the time the terminal shock has reached the leading edge of the porous 
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bleed, the forward poppets have only opened about 1 percent. The 
usefulness of the forward poppet with this type of transient disturbance 
appears small unless the valve is exposed to a blood pressure build- 
up considerably greater than the ,0()Z seconds assumed in Figures 70 
and 71. However, the forward valves should respond about as well as 
the aft valves in the case of aircraft angle of attack transic ni i&Hiw lxnrhr 
build up over a substantially longer period of time. 

Response of the aft poppet to a displacement of the terminal shock 
at freestream Mach number 2.47 is shown in Figures 72 and 73. The 
driving pressure disturbance in this case is substantially different than 
that at Mach 34 as is evident by comparing the duct Mach numbers 
shown in Figures 44 and 45. At Mach 2.47, there is no increase in 
bleed plenum pressure as the shock approaches the throat and the 
change in duct Mach number as the shock passes over the bleed is 
smaller than at Mach 34. The result is that the valve receives a 
small pressure impulse which is greatly diminished as the valve begins 
to open. The reduced bleed plenum pressure is not sufficient to hold 
the valve open as it did at Mach 34 (see Figures 68 through 71). 

Large amplitude 17 and 25 Hz oscillations result. Increased friction 
forces were applied to the poppet in an attempt to damp the oscillation. 

The effect is shown in Figure 74. An 8. 9N increase in friction pro- 
duces acceptable valve motion after 3 cycles of ringing. However, a 

friction increase of this magnitude will produce undesirable effects at 

higher altitudes where the valve driving fo Frrrs are much ajaaaita^ 
Consequently, the use of friction to damp the oscillations shown in 
Figures 72 and 73 does not appear feasible. 

Although Figures 72 and 7 3 indicate an undesirable instability, they 
represent a very unlikely physical situation in that the terminal shock is 
forced to remain at the leading edge of the bleed while the valves oscil- 
late. A more reasonable physical expectation is that the inlet will eithe r 
unstart completely or else restart. The latter possibility has been in- 
vestigated, with the results shown in Figure 75. No instability is evident. 
To further investigate valve damping, a weak bleed pressure step insuf- 
ficient to produce complete opening was applied to the valve. The results, 
shown in Figure 76, indicate no instability in this case either. 

It therefore appear s likely that the poppet valve will be adequately 
damped when step changes in bleed plenum pressure are applied, but will 
be inadequately damped in some eases when step changes in terminal shock 
position arc applied. The shielded version of the poppet valve was designed 
to eliminate this potential problem. 


4. Shi elded Popp et Valves - The shielded poppet valve 1 , shown in 
Drawing 11, has the following characteristics. Nomenclature is defined 
in Figure 4. 


Mass of moving poppet 
Spring preload 
Spngg_rat^____ 

Ple nu -t- n - ~ lr 1 i 1 * v c j I n ] i ) e— — (-p~e r valve) 
Poppet friction, dynamic 
Poppet friction, static 
Area of orifice No. 1 (per valve) 
Area of orifice No. 2 
Area of orifice No. 3 
Area of orifice No. 4 
Location of orifice No. 4, Ax 
Min. area in exit louvers 
(per valve) 


. 226 kg 
13.35 N 
7.01 N/cm 
2700. cm 3 
4. 9 N 

9. 8 N 

. 01032 cm 
.0710 cm 2 
.0129 cm 2 
.0129 cm^ 

1.118 cm 
74.2 cm 2 


The response of this valve to several types of transient dis- 
turbances is shown in Figures 77 through 85. 

Figures 77 and 78 show response to step changes in Pg and Pp 
(see Figure 4 for nomenclature). Due to flows into and out of the refer- 
ence pressure plenum, the reference pressure Pq may gradually change 
after an inlet transient disturbance opens the valve and closes orifice No. 2 
The result is that over a period of time, the poppet may gradually drift 
to one of three stable positions: fully open, half open,, or fully closed. 

An example is shown in Figure 79. A 20 percent step in P B and Pg 
produces nearly complete opening after 0.042 seconds. At this position, 
air is flowing into the piston chamber through orifice No. 4. At 

t = 0. 54 seconds, t he-'referen cc pressure has built up sufficiently to over- 

static friction and the poppet begins to close. At t = 0. 59, the 
- -motion stops because the driving forces are less than the static friction. 

At the new poppet position, there is no flow through orifice No. 4 so the 
reference pressure will begin to decrease. When this pressure drops suf- 
ficiently, the static friction will be overcome and the poppet will begin to 
open. Since the lower tap on orifice No. 4 is located at Ax= 1.118cm, 
the poppet will jump back and forth acros • this location over a longer 
period of time. In the presence of vibration, the motion would be less 
jerky than that shown in Figure 79. The final equilibrium position where 
motion would cease is a poppet opening of about 1. 118cm where the flow 
rates into and out of the piston chamber arc equal. 
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Figure 7 C J shows a transient disturbance which produces partial 
valve opening followed by a drift back to the half-open position. Two 
other types of long duration effects are possible. First, a weaker dis- 
turbance which produces an initial opening less than half-open will be 
followed by a drift up to the half-open position. Second, a stronger 
disturbance which produces complete opening will not be followed by — 
poppet drift since orifice No. 4 will be closed. 

Figures 80 through 82 show valve response to the terminal shock 
displacements indicated in the lower part of the figures. Where the 
response of the unshielded poppet differed significantly, it is shown as 
a dashed line. Use of the shield has eliminated the instability at 
M q = 2. 47. 


Figures 83 -amd 84 demonstrate the sensitivity of the valve to 
prpssnrp oscillations when a prior increase in duct pressure has pro- 
duced partial valve opening. The o s c i 1 due e d by a H 03 

variation in duct Mach number after a toward 

the throat has produced partial opening. 


Response of the valve to single pressure pulses of varying duration 
is shown in Figure 85. The valve position shown here is the maximum 
displacement produced by the pulse. In all cases.,, the val ve eventually 
closes since the pressure pulse is' not recurrent. Below about 2 Hz 
the valve shows no response at all because thja...flaw.- thrmigh_j.hu— o.r.i fi c.e.s,.. 
into the piston chamber is sufficient to keep the pressure differential 
across the valve below the value required to unseat the poppet. 


Aircraft a - nd -- P - r opul s ion System Flight Performance 

1. Propul sion Syste m - The inlet bypass door control modulates 
the door posi=tro*n=as required to maintain a scheduled value of the ratio 
of ^SD8 ^PLM where PsD8 * s a manifolded duct wall static pressure 
just downstream of the throat and PpjLM is an external cowl pitot pres- 
sure. Available wind tunnel data show that substantial reductions in back 
pressure on the cowl shock trap bleed have relatively little effect on this 
signal pressure ratio. 

The greatest potential effect on signal pressure occurs when 
bleed valves a r eznsggtfagi±li=^ f the shock ! rap. 

Under these conditions when the terminal shock is just forward of the 
porous bleed, substantial quantities of bleed air will be removed by the 
valves in addition to the increased flow through the shock trap. If the 
signal pressure ratio drops below the scheduled value, the bypass do or 
will be commanded to a closed position. Bypass closure* could aggravate* 
the condition which was causing the shock to be forward. 


To examine this possibility, a simplified one-dimensional analysis 
of the duct flow was made? assuming that a normal shock stood at the 
leading edge of the porous bleed region. p SD8 was assumed to be equal 
to the theoretical static pressure at the cowl station location of the p SD8 
ports. PpL,M was obtained from wind tunnel data, assuming that the 
overboard bleed flow did not affect this pressure. With 20 percent over- 
board bleed the computed signal pressure ratio p SD8/ p PLM was l -^ (> 
an d with 10 percent bleed, it was 1.81. The commanded signal pres- 
sure r atio is 1. 5b at b degrees aircraft angle of attack and 1.45 at 
4 degrees. The analysis, therefore, indicates that the bypass door will 
be commanded to open when the terminal shock is forward and the bleed 
valves are open, thereby aiding the shock reswallowing process. 

2 , Airc raft - Figure 8b shows the estimated effect of a complete 
and sustair^d opening of one nacelle's shock stability valves on aircraft 
motion at cruise altitude and Mach number. When the valves are fully 
open, a 30 percent loss of thrust occurs along with aerodynamic effects 
due to bleed air flowing over the wing. The aerodynamic effects were 
estimated from forward bypass door data. For the case shown, no pilot 
inputs or autopilot inputs were used to correct the right roll which builds 
up to 80 degrees in six seconds. However, the stability augmentation 
system (SAS) did command four degrees left roll control (maximum roll 
authority for SAS) and sufficient yaw control to limit sideslip angle to a 
maximum of 1.5 degrees. Due to uncertanties in estimating the effects 
of- opening the shock stability valves, the aircraft response shown is 
probably more violent than an actual case would be. Also, in the case 
shown, the valve*s* are — & ' S *S' U ' med — to — be — ©pen — fox — the — en ti . re — t.i me — of — the 
response. If the valves were open for a shorter period of time, the 
response would be less violent. The case shown here is considerably 
less violent than an inlet unstart at the same flight condition and would 
be controllable using pilot inputs which are well within the aircraft control 
. capabilitie s. 


SLIDE VALVE BEARING TEST 


Apparatus and Procedure 

In order to determine the friction charactcri slics and life span of 
linear bearings representative of those proposed lor the slide valve, an 
existing bypass door assembly was tested in the laboratory. This door, 
supplied by NASA Lewis Research Center, ran on a pair of Schneebcrger 
linear bearings. Each bearing consisted of a series of rollers, spaced 
by roller separators and operating in a linear race. Testing was conducted 

in the oven shown in Figure 87 at. temperatures up to bb4 degrees kelvin. 
Transverse loading on the door was accomplished by means of loading 
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blocks as shown in Figure 88. The rod ext endi ng throng]) the left side' 
of the oven wall in Figure 88 was all ached to an external stale used to 
record the bearing friction force*. The hydraulic servo installed on the 

opposite end of the door assembly was used to cycle kko_ — A ll tousling 

was conducted without lubrication on the bearings. Vjua.s,u r erne nts of static 

and dynamic friction were made at six positions along the path of door 
travel. Transverse loads ranged from 0 to 2240 newtons. 

Ffiction Measurements 


Initial tests at room temperature yielded friction coefficients sub- 
stantially higher than expected. Investigation showed that, under load, 
there was a slight binding or interference between the moving parts. 
Consequently, the bearing shim thickness was increased in steps from 
the original value of 0.023 cm up to a final value of 0.051 cm at which 
point no further interference was apparent. Fric tion^roasurements at 

room temperature yielded the results shown in Figure 89. The friction 
coefficient is the ratio of the friction force to the transverse load. 

High temperature tests were then conducted with the oven filled 
with carbon dioxide. Prior Lo heating the door was cycled briefly at 

1 Hz by the hydraulic servo to verify that the actuation sy-s4e m--w a-s 

functioning properly. After a 4-1/2 hour soak period in the heated oven, 
the door base had r-e-ardred a temperature of 664K. Fris&ori : was -measured 
with all the loading blocks installed. The data, shown in Figure 90, 
indicate a substantial increase in friction from the levels measured at 
room temperature. With the 4-oor temperature at 670K, an attempt to 

initiate life cycling of the door resulted in a hy d r auli g— f a - i - lu-r -e— i - n - s - i - de - fefa - e 

oven and the test-was terminated. 

Friction was measured again when the door had cooled to room 
temperature. The data, shown in Figure 91, indicate friction levels 
even higher than those measured at 664K. The friction remained high 
when the door was unloaded and cleaned of hydraulic fluid condensate 
residue. It was noted that the bearing r aec-s - hrapd=^l j= s t ^oT e cl to a dark 
blue. Moreover, a ratcheting sound and feel was noted when the door 
was actuated manually with a small transverse load. The bearings were 
therefore disassembled for closer inspection. Figure 92 shows the door 

assembly before disas sembly. Warpage in the roller separator is evide n t.* 

Figure 93 shows the disassembled bearing. Although the roller separator 
is severely distorted, no evidence of contact with the bearing race was 
observed. A slight warpage in the bearing race was noted near the 
center of the race and the bearing rollers were scored as though they 
had been sliding rather than rolling. 


DISCUSSION OF UK, SHUTS 


Steady Stale Flow Comparison 

The estimated flow rates through the shock stability valves have 
been added to the calculated engine ejector secondary flow and super- 
imposed on the shock trap flow characteristics in Figures 94 and 95. 

These two figures define the steady state performance of the three types 
of stability valves in the bleed plenums of the present and the enlarged 
shock traps. The steepness of the curve of ejector plus slide valve or 
poppet valve flow in contrast to the much shallower slope of shock trap 
flow indicates that attempts to increase nacelle secondary flow area or 
valve exit area are not worthwhile, because the potential increase in 
bleed flow is very small. 

The steady state flow rates through fully open stability valves are 
summarized in Figure 96 for two conditions: bleed plenum pressures 27 

percent higher than their normal steady state values, and the inlet 
terminal shock standing ahead of the bleed. Since inlet sta-biTity is 
affected oy changes in ejector secondary flow as well as stability valve 
flow, two flow rates are tabulated in Figure 96. The first is the increase 
in stability valve flow due to the increase in pressure. This is a measure 
of valve flow capacity. The second is the cb-a-ng-e- in the sum of valve flow 
plus ejector secondary flow, which represents the increase in flow removed 
from the inlet cowl at or ahead of the throat. This is a measure of the 
inlet stability. 

Figure 96 shows that the installation of vortex valves in either the 
cowl or shock trap plenum provides the smallest flow capacity of the 
configurations studied. Moreover, it also shows that the installation of 
any type of stability valve in the plenums of either the present or enlarged 
shock trap will produce a net increase in shock trap mass flow ratio of 
less than 5 percent. Therefore, from steady state flow capacity con- 
siderations, the only feasible configurations appear to be slide valves or 
poppet valves installed in the cowl just ahead of the inlet throat. 

Dynamic Performance Comparison 

The dynamic performance of those configurations acceptable in terms 
of steady state flow capacity is shown in Figure 97. The first column 
shows the time required for full valve opening following a 27 percent step 
increase in duct and bleed plenum pressures. The next two columns show 
the change in cowl bleed flow (valve flow plus shock (rap bleed flow) 

.056 seconds after a transient displacement of the terminal shock is 
initiated. The shock di splacement consists of a .050 second movement 
from the normal steady state position rp to the throat followed >y a 
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,006 second movement from the throat to the leading edge of the porous 
bleed. The last two columns show the natural frequency of the installed 
valve with the inlet terminal shock position fixed. 

The two versions of the poppet valve are superior to the slide valve 
in two respects: faster response time and highe • natural frequency. Be- 

cause of the isolation of the poppets from the bleed plenum pressure, the 
shielded poppet valves have a lower natural frequency than the unshielded 
valves. However, the shielded poppets are superior in two important 
respects. First, the forward poppets now sense duct pressure at the 
same location as the aft poppets and hence respond faster to inlet shock 
movements. This is one reason that the shielded valves show higher 
flow rates after the . 056 second shock position transient. Second, the 
valve ringing which occurred at Mach 2. 47 was eliminated by addition of 
the shield. 


Bearing Test 

Experience obtained with the linear bearings indicates that consider- 
able care must be taken to avoid interference when large lateral leads 
are applied. Testing at high temperature resulted in scoring of the 
bearing rollers, severe distortion of the roller separators, and a slight 
warpage of the bearing -races. It is believed that the rollers skidded 
at high temperature, scoring the rollers and producing higher friction 
coefficients. It could not be— determined whether the skidding occurred 
before or after the roller separators buckled. 


CONCLUSIONS 


A feasibility study of proposed self- actuating inlet shock stability 
bleed valves for the YF-12 airplane has been made. The candidate valves 
included vortex valves, slide valves, and poppet valves. Installations in 
the inlet cowl and in the inlet shock trap bleed plenuw-^were considered. 
Shielded and unshielded versions of the poppet valve were designed for 
installation in the cowl. In the shielded valve, inlet duct pressure acts as 
the driving force on the poppet while in the unshielded version the bleed 
plenum pressure is the driving force. The following conclusions have 
been reached: 

1. The installation of any type of bleed valve in the plenum of the 
present shock trap, or in a lengthened shock trap, will produce a net 
S ain in shock .■ t , r . a , p ._ rne . s . S -. f1f)W -ratLc>— ofl-les^ than 5 percent. The steady 
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state shock (rap mass flow ratio with the terminal shock standing ahead 
of tho inlet throat is about 17 percent, or less, depending on the type of 
bleed valve and si/,e of the shock trap, compared to about 12 pe rcent 
without bleed valves. 

2 . The installation of vortex valves in tho cowl yields steady state 
valve mass flow ratios of about 3 percent with the terminal shock ahead 
of the bleed. 

3. For installations in the cowl, the steady state mass flow ratios 
with the terminal she c - k — a head of the bleed and the valves fully open are 
about 22 percent for twenty-five slide valves, 26 percent for fifty un- 
shielded poppet valves, and 21 percent for fifty shielded poppet valves. 

4. A 27 percent step increase in inlet duct and bleed plenum 
pressures at cruise Mach number and altitude will open the cowl slide 
valves in . 068 seconds, the unshielded cowl poppet valves in ,028 seconds, 
and the shielded cowl poppet valves in . 025 seconds. 

5. At cruise Mach number and the minimum altitude, a . 050 second 
movement of the terminal shock from its steady state position up to the 
inlet throat followed by a . 006 second movement from the throat to the 
leading edge of the porous bleed will produce partial opening of valves 

installed in the cowl. Xhe— iaej^ease in cowl bleed mass flow ratio 

(valves plus shock trap) dur ing the .05 6 second transient is about .07 

for the slide valves, .1’. for the unshielded poppet valves, and .24 for 
the shielded -poppet valves. At the maximum altitude, the corresponding 
increases in cowl bleed mass flow ratios are .04, .08, and .10 for the 

slide, unshielded poppet, and shielded poppet valves, respectively. 

6. A step change in inlet shock position at Mach 2. 5 causes ringing 
in the unshielded cowl poppet valve because of the dynamic interaction 
between the poppet and the driving pressure in the bleed plenum. Similar 
duct transients at the cruise Mach number do not produce this ringing. 

The shielded poppet valve does not exhibit this instability at either Mach 
number. 


7. Laboratory tests of linear bearings showed— fch-a-t excessive dis- 
tortion of the roller separators and sliding of the rollers can occur at 
high temperature. Production of satisfactory slide valve bearings will 
probably require additional bearing development work. 

8. The bleed valves do not appeal*" to adversely affect operation of 
the present inlet control system. 
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9. Aircraft response to a complete and sustained opening of all the 
bleed valves in one nacelle appears to be controllable and less violent 
than an inlet unstart. 

In view of the potential development problems associated with linear 
bearings for a slide valve and the inherently faster response rate of the 
poppet valve, it is recommended that shielded poppet valves installed in 
the cowl be selected as the configuration for testing. The feasibility study 
indicates that this configuration will provide the performance required for 
the inlet shock stability system. 
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APPENDIX 

Symbols 


A area 

P - P 

C pressure coefficient, ° 

P qo 

F force 

k ratio of specific heats 

m mass 

M Mach number 

P static pressure 

Prp total pressure 

q dynamic pressure 

R gas constant 

t ti me 

T rjy total temperature 

V volume 

w mas s flow rate 

w mass flow rate through inlet reference area at free stream conditions 

o 

x valve position 

a nacelle angle of attack 

£ nacelle angle of sideslip 

N 

6 total pressure ( r) + 10. 13 

1 cm 4 

0 total temperature (K) + 288 

Subscripts 

B bleed plenum 

D inlet duct 

EJ ejector 

G valve piston chamber 

L exit louver plenum 

V valve 

O free stream conditions 

2 engine face station 
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LEAKAGE BLEED FLOW IN VORTEX VALVE 
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where: 


P 

h 

A 

Ap 


w 


100 cm kg/IN s 

3 

average density in leakage path, kg/cm 
piston clearance, cm 
leakage "are a," cm^ 

pressure drop along leakage path, N/cm 
viscosity, kg/s cm 
length’of leakage path, cm 
flow rate, kg/ s 


FIGURE ^2. PISTON LEAKAGE FLOW 
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FIGURE f,4. AERODYNAMIC FORCE ON SLIDE VALVE 
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FIGURE 81. RESPONSE OF SHIELDED AFT POPPET VALVE TO TERMINAL 
SHOCK MOVEMENT 
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FIGURE 96. COMPARISON OF BLEED FLOWS WITH VALVES FULLY OPEN 
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DRAWING 1. SLIDE VALVE INSTALLATION SCHEMATIC 
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DRAWING 4. FULL SCALE VORTEX VALVE INSTALLATION 
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AWING 5. THREE-QUARTER SCALE VORTEX VALVE INSTALLATION 




DRAWING 6. PRELIMINARY INSTALLATION OF SLIDE VALVES IN COWL 
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DRAWING 10. UNSHIELDED POPPET VALVE, FINAL VERSTON 









DRAWING 12 


BELLOWS- OPERATED POPPET VALVE, PRELIMINARY 
VERSION 
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DRAWING 1.4. PRELIMINARY INSTALLATION OF POPPET VALVES IN COWL AND SHOCK TRARjpLENUM 






•AWING 17. BLEED ACTUATOR FOR WIND TUNNEL MODEL 











DRAWING 20 
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